Signaling pathways involving the sodium pump stimulate NO production in endothelial cells.
The cardiac steroid ouabain, a known inhibitor of the sodium pump (Na+, K+ -ATPase), has been shown to release endothelin from endothelial cells when used at concentrations below those that inhibit the pump. The present study addresses the question of which signaling pathways are activated by ouabain in endothelial cells. Our findings indicate that ouabain, applied at low concentrations to human umbilical cord endothelial cells (HUAECs), induces a reaction cascade that leads to translocation of endothelial nitric oxide synthase (eNOS) and to activation of phosphatidylinositol 3-kinase (PI3K). These events are followed by phosphorylation of Akt (also known as protein kinase B, or PKB) and activation of eNOS by phosphorylation. This signaling pathway, which results in increased nitric oxide (NO) production in HUAECs, is inhibited by the PI3K-specific inhibitor LY294002. Activation of the reaction cascade is not due to endothelin-1 (ET-1) binding to the ET-1 receptor B (ETB), since application of the ETB-specific antagonist BQ-788 did not have any effect on Akt or eNOS phosphorylation. The results shown here indicate that ouabain binding to the sodium pump results in the activation of the proliferation and survival pathways involving PI3K, Akt activation, stimulation of eNOS, and production of NO in HUAECs. Together with results from previous publications, the current investigation implies that the sodium pump is involved in vascular tone regulation.